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157) ~ ABSTRACT

In a digital communication system, select devices are
capable of generating and detecting data sequences that
are normally suppressed by end user equipment for
establishing inband communications among the select
devices. Select devices capable of participating in in-
band communications may include the controller, Digi-
tal Channel Units (CUs) and Customer Premises Equip-
ment (CPEs). Inband communications is initiated by a
select device by transmitting a sequence comprising a
plurality of first bytes for preventing inadvertant initia-
tion of maintenance operations for digital devices in a
particular time slot, followed by a plurality of second
bytes. Inband communications is established when the
select device receives a sequence comprising a plurality
of said first bytes, a plurality of bytes which ideniify the
select device and a plurality of said second bytes. Once
established, inband communications can then be used to
accomplish automated provisioning, performance re-
porting, status reporting, alarm reporting as well as
other important functions. Significantly, the capability
to establish inband communications can result in sub-
stantial savings in the installation, maintenance and
operations of digital networks. Ultimately this capabil-
ity will allow performance of the above-described func-
tions from a centralized location, thereby saving on the
manual dispatches typically required to perform those

“Special Access Connections to the AT&T Communi- functions.

cations Network for New Service Applications™,

AT&T Technical Reference, Oct. 1985. 11 Claims, 5 Drawing Sheets
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INBAND COMMUNICATIONS IN A DIGITAL
COMMUNICATIONS SYSTEM

BACKGROUND OF THE INVENTION

The use of completely digitized communication sys-
tems such as the Integrated Service Digital Network
(ISDN) is becoming more common. Such systems offer
voice, data, and graphical transmissions to the con-
sumer. By replacing analog voice systems with digital
capability, tremendous amounts of information of high
quality can be transmitted along copper wires which are
used as digital channels.

To carry a digital signal on an analog line, a modem
must be used to generate signals of different frequency
to represent digital bits. By comparison, a completely
digital system does not require a modem. Network in-
terface devices are used to access the system. The stan-
dard data rate for an ISDN system is 64 kilobits per

S

10

15

second (Kbps). Terminal equipment such as a D4 bank 20

or digital private exchange (PBX) can be used to inter-
face a plurality of terminal equipment with a central
exchange device. For example, the D4 bank can service
24 remote subscrnibers, each having a transmit line and a
receive line which can operate at up to 64 Kbps. As
noted above, digitized voice, data, video, and graphics
can be transmitted from each remote subscriber. More-
over, bulk data transfers can be accomplished by using
all 24 remote channels simultaneously.

Digital communication systems supply large amounts
of data, voice, and video information at a high signal to
noise ratio with a minimum of distortion and efficient
interface transfer capability. To assure that such a digi-
tal system operates at its optimum characteristic, each
communication channel in the system must be fully
operational and in the proper state. Presently, manual
adjustment the individual channel units for each chan-
nel is required to enable the channel to perform such
functions as automated provisioning, performance re-
porting, status reporting, alarm reporting. These man-

ual methods are typically awkward, inefficient and
labor intensive.

SUMMARY OF THE INVENTION

In a time division multiplexed (TDM) digital commu-
nication system, a digital terminal time multiplexes sig-
nals received from a plurality of lines into communica-
tion channels (or time slots) so that they may be trans-
mitted over a single communications line. At the remote
end of the line, the signals are converted in a like digital
terminal and distributed on a plurality of channels (or
time slots) to remote end users. End users employ Cus-
tomer Premises Equipment (CPEs) which are coupled
to a digital terminal via digital channel units (CUs) to
access the system and communicate with other end
users.

In a digital system comprising CPEs with a 64 kbps
data rate capability being coupled to a digital terminal
~ via digital channel units (CUs), a 64 kbps CPE employs
data formatting circuitry to transmit data sequences
over the system to other CPEs. The data formatting
circuitry formats the data into a series of 8-bit bytes
referred to as a transmit sequence. Since each byte in
the transmit sequence has data in all 8-bits, a limited set
of data sequences are reserved for initiating mainte-

nance operations for a device (CU or CPE) in the sys-

tem. To initiate maintenance operations, a controller
transmits a maintenance sequence to a device. Respon-
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sive to the maintenance sequence, the device configures
its maintenance circuitry for maintenance operations.

To maintain a reserved set of data sequences for
maintenance operations, a suppression circuit is em-
ployed 1in 64 Kbps CPEs for suppressing transmission of
specific customer data sequences. The suppression cir-
cuit serves to prevent 64 kpbs CPEs from introducing a
maintenance sequence into the system and inadvertently
activating maintenance operations in the system. Thus,
only the controller can introduce a maintenance se-
quence into an existing system for inititating mainte-
nance operations. These suppressed sequences provide
the basis for the present invention.

In accordance with the present invention, select intel-
ligent devices for use in a TDM digital communication
system are provided and accomplish functions such as
automated provisioning, performance reporting, alarm
reporting and status information in time slots without
affecting existing (unselect) devices in the system.
These select devices replace the digital terminal’s con-
troller and certain digital CUs and CPEs without dis-
ruption of an entire existing system. These select intelli-
gent devices are fully compatible with existing devices
in the existing system.

In preferred embodiments, these select devices gener-
ate and detect data sequences in associated time slots for
establishing “inband’ communications among the select
devices. “Inband” communications refers to an ex-
change of data sequences in a time slot between select
intelligent devices capable of properly processing said
sequences and at the exclusion of other devices associ-
ated with the time slot. Accordingly, select devices
establish inband communications in associated time slots
by using a data sequence which comprises a series of
data bytes normally suppressed by 64 kbps CPEs in
preserving maintenance operations and a series of data
bytes for resetting maintenance circuitry of other de-
vices associated with the time slot so as to not inadvert-
antly initiate maintenance operations in the other de-
vices. In accordance with the present invention, the
select digital channel units preferably employ an appa-
ratus for establishing and maintaining inband communi-
cations without interfering with or interference from
existing devices in the system. Further, a plurality of
select intelligent CPEs may also be employed in the
system. Each select CPE comprises said apparatus for
transmitting and receiving digital data in its associated
time slot for participation inband communications with
the controller.

The controller and select intelligent devices (CUs
and CPEs) establish inband communications by gener-
ating and detecting data sequences which comprise a
series of data bytes suppressed by 64 kbps CPEs in
preserving system maintenance operations. These data
sequences also comprise a series of reset data bytes so
that the sequences do not accidently activate mainte-
nance operations in other devices in the system. Thus,
the data sequences employed for establishing inband
communications also preserve system maintenance op-
erations.

One preferred data sequence is a basic inband se-
quence transmitted by a select device to indicate that it
is available to participate in inband communications.
The basic sequence comprises a predetermined number
of Transition In Progress (TIP) bytes which are known
in the art and serve to reset all devices (CUs and CPEs)
associated with the time slot. The series of TIP bytes is
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immediately followed by a predetermined number of

Loopback Enable (LBE) bytes which correspond to a
data sequence suppressed by many existing CPEs. Re-
sponsive to the basic sequence, the controller estab-
lishes inband communications with the select device by
generating a sequence comprising a plurality of said
TIP bytes, a plurality of bytes which may serve to iden-
tify the select device or a reporting function and a plu-
rality of LBE bytes. In other situations, a select device
and the controller may exchange sequences comprising

TIP bytes, bytes for identifying the select device or a
reporting function and LBE bytes for establishing in-

band communications.
Once established, inband communications can be
used to accomplish automated provisioning, perfor-

mance reporting, status reporting, alarm reporting as

well as other important functions. Significantly, the
capability to establish inband communications can re-
sult in substantial savings with respect to the installa-
tion, maintenance and operations of digital communica-
tions networks. Ultimately this capability will allow
performance of the above-described functions from a
controller at a centralized location, thereby saving on
the manual dispatches typically required to perform
those same functions.

The above and other features of the invention includ-
ing various novel details of construction in combination
of parts may now be particularly described with refer-
ence to the accompanying drawings and pointed out in
the claims. It will be understood that the particular
device embodying the invention is shown by way of
illustration only and not as a limitation of the invention.
The pnnciples and features of this invention will be
employed in vaned and numerous embodiments with-
out departing from the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a block diagram of a time multiplexed com-
munication system employing the present invention.

FIG. 2 illustrates a prior art maintenance sequence
used in the system of FIG. 1.

F1G. 3A illustrates an inband communication se-
quence used to establish inband communications in
accordance with the present invention.

FIG. 3B illustrates an inband communication se-
quence used to establish inband communications for a
cascaded select device.

FIG. 3C illustrates an alternate longer inband com-
munication sequence used to establish communications
for a cascaded select device.

FIG. 4 is a block diagram of a plurality of remote
digital channel units connected in a series arrangement
and employing the present invention.

FIGS. SA and 5B is a flow chart of a method used to

establish inband communications between a select de-
vice and a controller.

DETAILED DESCRIPTION OF THE
INVENTION

I. General Descniption of the Communication System

A digital communication system embodying the pres-
ent invention is shown in FIG. 1. A Digital Terminal 11
multiplexes signals received from multiple lines 10
forming communication channels so that they may be
transmitted over a single communications line 12. At
the remote end of the line 12 (not shown), the signals are
converted in a like Digital Terminal and distributed
onto multiple lines to remote end users. End users em-
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ploy Customer Premises Equipment (CPEs) 30, 32 to
access the system and communicate with other end
users. A first type of CPE 30 is known 1n the art, such
as the CPE described in U.S. Pat. No. 4,849,972 to
Hackett et al. incorporated herein by reference. A sec-
ond type of CPE 32 employs a Customer Service Unit/-
Data Service Unit (CSU/DSU) 17 embodying the pro-

‘cessor circuit 21 of the present invention as descnbed

below. Both types of CPE 30, 32 comprise a Data Ter-
minal (DT) 13 and a Customer Service Unit/Data Ser-
vice Unit (CSU/DSU) 18, 17. Each DT 13 employs a
computer which generates a serial data stream for trans-
mission over the data communication system to a re-
mote DT (not shown). The CSU/DSU receives the
serial stream from the DT and transforms it into a sys-
tem compatible format for transmission over the system
to the remote DT.

The Digital Terminal 11 also comprises digital Chan-
nel Units (CUs) 19 and 23, each of which is associated
with one of the digital signal lines 10. A first type of CU
23 i1s known in the art, while a second type of CU 19
employs a circuit 21 of the present invention which 1s
described below. The digital CUs are coupled to inter-
face circuitry 34 which is, in turn, connected to the
digital communications line 12. The interface circuitry
34, which includes circuitry 39 of the present invention,
is controlled by a controller 40. An Operations Support
System (OSS) 41 programs the controller 40.

Typically, maintenance operations are initiated when
two CPEs (end users) cannot communicate. The main-
tenance tests are individually performed on each CU
and CPE associated with a channel. Maintenance oper-
ations are first performed on each CU and CPE associ-
ated with a particular channe]. Next, maintenance oper-
ations are performed on each remote CU and CPE
associated with the same channel, but located on the
right-hand side and coupled to the Digital Terminal 11
via the digital line 12.

I1. Coding Format

In a communication system having CPEs, CSU/D-
SUs with only a 56 kbps data rate capability within the
CPE:s format the customer data into sequences of 8-bit
bytes. Each byte in a sequence has data in the first 7-bits
data and no data in the eighth bit. The eighth bit in each
byte i1s used to indicate whether the byte is a data byte
or control information (such as maintenance codes). As
such, the controller 40 initiates maintenance operations
for a given device (i.e. CU or CSU/DSU) by generating
a maintenance sequence. The presence of a network
control indicator in the eighth bit of each byte serves as
an indicator to devices in the system that the sequence
1s intended for maintenance operations.

In a communication system having CPEs employing
CSU/DSUs with a 64 kbps data rate capability, the
eighth bit of each byte is not reserved for maintenance
operations as 64 kbps CSU/DSUs format data into all
eight bits of every byte. Thus, to allow for maintenance
testing of each communication channel (or time slot)
comprising 64 Kbps CPEs, digital communication sys-
tems have a limited set of data sequences reserved to the
controller 40 for initiating maintenance operations. For
example, in the digital communication system of FIG. 1,
the controller 40 initiates maintenance operations in a
time slot associated with a plurality of devices (such as
CPE24 and CU24) by transmitting a sequence (shown
in FI1G. 2). Referning to FIG. 2, the sequence comprises
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a plurality of a first data byte—Transition In Progress
(TIP) bytes, a plurality of second data bytes—Loop-
back Select Code (LSC) bytes, a plurality of a third data
byte —Loopback Enable (LBE) bytes, and a plurality
of a fourth data byte—Far End Voice (FEV) bytes. The
bit format of these bytes is the standard format as de-
fined in AT&T Publication 62310 (Bellcore TA-TSY-
77), Digital Data System Channel Interface Specifica-
tion”, November 1987 and Bellicore TA-TSY-000077,
“Digital Channel Banks. —Requirements for Datapoint

Channel Unit Functions”, Issue 3, Apr. 1986 and is as
follows:

TIP=80111010
LSC=SDDDDDDI1
LBE=S1010110
FEV =S81011010

where S 1s a subrate framing bit which, for detection
purposes, is ignored and DDDDDD is a 6-bit code
identifying the type of device. CPE24 and CU24 have
maintenance circuitry configured to detect the above-
~ described sequence such that only one device under-
goes maintenance testing at a time. The TIP bytes serve
to reset the maintenance circuitry in each device. Fur-
ther, the maintenance circuitry of each device in a chan-
nel is usually configured to recognize a unique LSC
byte. For example, as shown in FIG. 2, the LSC bytes
of the sequence 50 may only be recognized by the main-
tenance circuitry of CU24 which would subsequently
receive LBE bytes and FEV bytes and undergo mainte-
nance testing. The maintenance circuitry of CPE24
would continue waiting for its associated LSC bytes.
In some configurations, both CPE24 and CU24 have
maintenance circuitry configured to recognize the same
LSC byte. In such configurations, after processing the
LSC bytes, the maintenance circuitry of both devices
begins receiving LBE bytes. However, as stated above,
the maintenance circuitry in both devices has the ability
to ensure that maintenance testing is performed on only
one device at a time. The circuitry does this by entering
a “mapping” mode. After receiving the 30th LBE, the
device nearest to the controller (CU24 in this example)
enters the mapping mode. During the mapping mode,
the maintenance circuit of CU24 disables the output of
CU24, preventing data from the controller from being

S
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received by the remote device (CPE24). Instead, the 45

maintenance circuitry of CU24 transmits a mapping
output which is received by CPE24. The mapping out-
put is a sequence of identical map code bytes. As de-
fined in the AT&T and Bellcore references, each map
code byte corresponds to the bit sequence 10010011 or
01101101. While in the mapping mode, CU24 continues
receiving LBE bytes followed by FEV bytes. After
receiving the requisite number of FEV bytes, CU24
enters the latching loopback state to support mainte-
nance testing. When in the latch.mg loopback state, the
maintenance circuitry of CU24 is configured to accept
loopback data from the controller and simply send the
data back to the controller. |

To provide 64 Kbps access to CPEs in a digital com-
munication system, while still reserving a set of data
sequences to support maintenance operations, a limited
set of customer data sequences are suppressed by
CSU/DSUs. A suppression circuit in each CSU/DSU
prevents 64 kpbs CPEs from accidently introducing a
‘maintenance sequence into the system and inadvertently
activating the mapping mode or latching loopback in a
device. Accordingly, one of two possible suppression
algorithms are employed by a CSU/DSU suppression
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circuit. The first is a suppression algorithm utilized by
AT&T which requires that the transmission of more
than 30 LBE bytes in any sequence of 32 bytes follow-
ing any sequence of 30 or more consecutive identical
bytes must be suppressed. The second i1s an ANSI sup-
pression algorithm which requires that the transmission
of any 40 consecutive bytes that includes more than 29
LBE bytes will be suppressed.

In accordance with the present invention, the data
sequences suppressed by CSU/DSUs provide the basis
for inband communications. By selecting a proper se-

~quence which includes a suppressed sequence and

which does not inadvertently activate the mapping
mode or latching loopback in a device, inband commu-
nications may be established between select devices
without affecting other devices in the system.

I11. Inband Communications

The present invention comprises inband circuitry 21
and 39 that takes advantage of these suppressed codes
by generating data sequences for establishing inband
communications between a select device and a control-
ler. Once established, the inband communications link
may be utilized for a number of operations such as pro-
visioning, performance reporting or diagnostics. It is
noted that in the present invention a controller includes
any device capable of performing a control function, a
provisioning function, a diagnostics function or a re-
porting function.

Select devices employing inband circuitry 21 and 39
of the present invention are compatible with existing
communication systems. As such, an entire system need
not be replaced to incorporate a controller, CUs and
CPEs having the inband communication capability.
Further, CUs and CPEs employing inband circuitry 21
may be coupled into the system in a variety of combina-
tions.

Referning to FIG. 1, on one channel a CU 19 (CU1)
having mmband circuitry 21 is coupled to an existing
CPE 30 (CPE1). In this configuration, only CU1 can
participate in inband communications with the control-
ler 40 or another select device. A second channel com-
prises CPE3 having inband circuitry 21 coupled to CU3
which also has inband circuitry 21. Both CPE3 and
CU3 are capable of participation in inband communica-
tions with the controller or another select device. The
use of select devices comprising inband circuitry 21 is
preferred, however existing devices can operate in the
system without employing such circuitry although
these existing devices are not able to participate in in-
band communications. For example, both CPE 24 and
CU24 operate normally in the system despite not having
inband circuitry 21.

Referring to FIG. 3A, a preferred sequence 70 is
transmitted by the inband circuitry 21 for initiating
inband communications. The number and types of bytes
of the sequence 70 have been selected to include a nor-
mally suppressed data sequence as well as a reset se-
quence for preventing inadvertant maintenance activa-
tion as explained below. However, other numbers of
bytes can be used without departing from the scope of
the invention. Since the two previously described sup-
pression algorithms (AT&T and ANSI) are sufficiently
similar, one series of data bytes may be defined that
triggers either algorithm. In a communication system
employing either suppression algorithm, transmission of
31 LBE bytes triggers suppression. To allow for a mar-
gin of error, the basic sequence 70 includes at least 32



5,285,450

7

LBE bytes. However, LBEs alone are insufficient since
they could cause a 64 kbps CPE or an associated CU
having a maintenance circuit which is waiting for LBEs
to enter the mapping mode. To avoid this possibility, a
plurality of TIP bytes precede the LBEs to reset the
maintenance circuits of each device and prevent inad-
vertant activation of the maintenance circuit. Prefera-
bly, at least 40 TIPs are transmitted.

To indicate it is available to participate in inband
communications, 8 CPE 32 or a CU 19 employing in-
band circuitry 21 of the present invention transmits the

inband sequence 70 shown in FIG. 3A. Note that in
some architectures, a CPE or CU may not use this basic
sequence 70 as some other sequence maybe be used or

none at all may be used. To that end, a CPE or CU and

the controller may exchange slightly longer sequences
with each other for establishing inband communica-
tions. Referring to FIG. 3B, the sequence 72 differs
from the basic sequence 70 in that a plurality of Func-
tion Code (FC) bytes are inserted between the TIP
bytes and the LBE bytes. As stated previously, each FC
byte is an 8-bit code typically associated with a device
or device type in a system. In the present invention, the
FCs are employed to identify the particular select de-
vice (CPE or CU) that is to participate an inband com-
munications or the particular function to be performed
via inband communications. To accommodate embodi-
ments 1n which select devices are arranged in cascade,
the FCs are employed to identify the device or device
type being addressed. Accordingly, each select device
1s configured to recognize a particular FC byte for
individual participation in inband communications.

One application of the present invention involves
employing the sequences 70 and 72 to establish inband
communications between a controller and a select CU
19 or a select CPE 32. Once inband communications is
established with the CU 19 or CPE 32, the controller 40
can automatically provision diagnose, retrieve alarms
and determine the state of the select device.

For example, referring back to FIG. 1, a newly in-
stalled select device such as CU?2 is initially in a Just
Power Up (JPU) state when installed into the system
and requires provisioning by the controller 40. While in
the JPU state, the inband circuitry 21 may indicate the
presence of CU2 in the system by transmitting the in-
band sequence 70. To be properly configured to accept
provisioning data, CU2 receives the sequence 72 from
the controller 40 which causes CU2 to enter an inband
communication link state. Recall that the sequence 72
includes FC bytes which are recognized by the inband
circuitry for CU2 such that the device enters the inband
state. After receiving the proper sequence actual provi-
sioning of CU2 or any other network function can take
place.

Devices having inband circuitry can also be situated
at remote locations and arranged in a cascaded configu-
ration as shown in FIG. 4. In one channel, an existing
CPE 30 1s coupled to the digital terminal 11 via the
digital communications line 12 and three intermediate
digital terminals 60, 62 and 64. More specifically, the
three digital terminals 60, 62 and 64 each comprise a
cascaded CU 32 (CUX, CUY and CUZ respectively)
having inband circuitry 21. As such, any of the three
CUs 32 are capable of participating in inband communi-
cations with the controller 40.

To support a system in which multiple select devices
(CUs and/or CPEs) are cascaded, an additional se-
quence 71 is inserted into the sequence 72 to produce an
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cascade sequence 74 as shown in FIG. 3C. The se-
quence 71 comprises N-iterations of at least 30 bytes of
ALL ONEs and at least 32 bytes of LBEs. The number
of iterations of ALLL ONEs and LBEs in the cascade
sequence 74 depends on the number of devices between
the controller and the downstream select device.
Referring back to FIG. 4, suppose that a downstream
select device (CUY) indicates that 1t i1s available to par-
ticipate in inband communications by transmitting the
sequence 70. Note that CUY 1s separated from the con-
troller 40 by an upstream select device (CUX). As such,

the controller transmits the cascade sequence 74 which
includes a single iteration (i.e. N=1) of the sequence 71.

The devices CUX and CUY begin receiving the se-
quence 70. When CUX receives the 30th LBE of the
sequence 70, it enters the mapping mode and the output
of CUX becomes disabled. This condition temporarily
prevents CUY from receiving data bytes. CUX then
receives the ALL ONEs bytes of the sequence 71 caus-
ing it to enter a transparent state. When CUX enters this
transparent state, data bytes from the controller 40 are
able to pass through CUX to downstream units such as
CUY. Thus, CUY receives the 32 LBEs that follow the
ALL ONEs and the additional LBEs (See FIG. 3C).
After receiving the additional LBEs, CUY is capable of
participating in inband communications.

FIG. 8§ shows a flow chart which illustrates the se-
quence of steps needed for a provisionable device, such
as a CU, to enter the just-powered-up (JPU) state and to
proceed to the inband communications link (IBC) state.
The 1nitial step 100 1s the installation of the select device
(CU). Once installed, the device enters the JPU state
and may initiate the basic sequence 70 as shown in step
102. To that end, a repetitive sequence of 40 TIPs fol-
lowed by 32 ILBEs 1s transmitted. Note these byte num-
bers are examples and other byte numbers may be used
without departing from the scope of the invention.

The 1inband circuit of the CU subsequently monitors
its received data as shown in step 104 to determine
when the IBC state has been achieved. After receiving
the JPU sequence, the controller begins repeatedly
transmitting the sequence 72, or optionally the cascade
sequence 74. To that end, 40 TIPs are counted by the
inband circuitry 21 as shown in step 106. If forthcom-
ing, additional TIPs are detected in step 107. If no addi-
tional TIPs are detected, the sequence 1s monitored in
step 108 to determine whether at least 32 FC’s are re-
ceived. If less than 32 FCs are received, the inband
circuitry of the CU returns to the initial state. The CU
monitors the incoming sequence for additional FC’s in
step 109 or LBEs in step 110. If the CU receives 32
LBEs it advances to the next state. If not, the CU
checks if TIPs are received and returns to the initial
state if 40 TIPs are received in step 111.

If at least 2 more LBEs are received in step 114, the
circuitry continues to receive the additional LBEs and
map them into a map code downstream. If the condition
of step 114 is satisfied, the CU enters the IBC state as
shown in step 119. After completing the information
exchange in step 120 with the controller, the CU returns
to the normal operations mode upon receipt of 40 TIPs
(step 121). However, if the CU receives at least 30 ALL
ONE bytes (step 118) then it enters a transparent state at
step 116. This state is entered when the CU 1s between
the controller and the designed select device for inband
communications. This transparent state is exited upon
receipt of 40 TIPs as shown in step 118. If the CU re-
ceives some sequence other than LBEs or ALL ONE:s,
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it returns to the waiting for LBE state (see step 113).
Furthermore, receipt of 40 TIPs, resets the device to
the initial state (step 112).

Steps 122-136 provide the sequence of operations
employed for the controller to establish an IBC with a
select device already in service. Note that steps 112-136
may also be employed by an in-service select CU for
establishing IBC with the controller. Assuming that the
select CU 1s already in service, its inband circuitry
counts TIPs as shown in steps 122-123. Once at least 40
TIPs are detected, the sequence is monitored in steps
124-125 to determine whether at least 32 FCs are re-
ceived. As stated previously, if the CU is not directly
connected to the controller, it receives 30 LBEs fol-
lowed by the mapping output. As such, it loops through
step 127 and returns to step 126 to wait for the requisite
number of LBEs. If 32 LLBEs are received in step 126,
the sequence is further monitored in steps 128-130 and
132. As before, if it is desired to establish an IBC link
with a select device that is not directly connected to the
controller, a sequence of 30 ALL ONEs bytes followed
by 32 LBEs is transmitted after the FC sequence to
place an intermediate select device in a transparent
state. This additional ALL ONEs/LBE sequence is
repeated for each select device between the controller
and the desired select device. Thus, if the CU receives
at least 30 ALL ONEs bytes at step 132, it enters a
transparent state at step 134. A sequence of 40 TIPs is
required to cause the CU to exit the transparent state
(step 136). If the CU receives some other sequence, it
returns to step 129 and waits for LBEs. If the condition

of step 130 is satisfied, the CU enters the IBC state as
shown in step 119.

Equivalents

Those skilled in the art will recognize or be able to
ascertain, using no more than routine experimentation,
many equivalents to the specific embodiments of the
invention described herein. These and all other equiva-
lents are intended to be encompassed by the following
claims.

I claim:

1. Apparatus for establishing inband digital communi-
cations between a controller and a selected unit of a
time division multiplexed digital communication system
to the exclusion of non-selected units using a communi-
cations time slot common to both the selected and non-
selected units, comprising;:

a) a transmitter at the controller for:
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with the controller and wherein Z is at least 32;
and
b) a receiver at the selected unit for receiving the
first, second, and third sequences and upon receipt
of said second sequence entering into said inband
communication state and upon receipt of at least
said third sequence establishing inband communi-
cation in said time slot with the controller.
2. The apparatus of claim 1 wherein the predeter-
mined circuit which is reset is a maintenance circuit.
3. Apparatus for establishing inband digital communi-
cations between a controller and a selected unit of a
time division multiplexed digital communication system
to the exclusion of non-selected units using a communi-
cations time slot common to both the selected and non-
selected units, comprising:
a) a transmitter at the selected unit for:

(1) transmitting a first sequence of X number of
Transition in Progress bytes in said time slot,
each Transition in Progress byte having a bt
sequence which resets a predetermined circuit in
all said units;

(11) transmitting a second sequence of Y number of
Function Code bytes in said time slot, each
Function Code byte having a bit sequence which
corresponds to an 1dentification code associated
only with a selected unit with which communi-
cation is to be established with the controlier,
such that satd selected unit may be identified by
said controller;

(1) transmitting a third sequence of Z number of
Loop Back Enable bytes in said time slot, each
Loop Back Enable byte having a bit sequence
which 1s suppressed in normal digital communi-
cation; and wherein X 1s at least 40 and Y and Z
are at least 32; and

b) a controller which upon receipt of said second
sequence identifies said selected unit and upon
receipt of said third sequence establishes inband
communication with the selected unit in said time
slot.

4. The apparatus of claim 3 wherein the predeter-

mined circuit which is reset is a maintenance circuit.

5. Apparatus for establishing inband digital communi-

cation between a controller and a selected unit of a time

~division multiplex digital communication system to the

exclusion of non-selected units using a communications
time slot common to both selected and non-selected

(i) transmlttmg a first sequence of X number of 50 units and wherein said units are connected in cascade

Transition in Progress bytes in said time slot,
each Transition in Progress byte having a bit
sequence which resets a predetermined circuit in
all said units wherein X is at least 40;

(11) transmitting a second sequence of Y number of
Function Code bytes in said time slot, each
Function Code byte having a bit sequence which
corresponds to an identification code associated
only with a particular selected unit with which

inband communication is to be established 60

wherein Y 1s at least 32:

(111) transmitting a third sequence of Z number of
Loop Back Enable bytes in said time slot, each
Loop Back Enable byte having a bit sequence
which is suppressed in normal digital communi-
cation, such that a selected unit in an inband
communications state, upon receipt of said third
sequence, establishes inband communication

33

65

via digital terminals and more than one unit may have
an identification code which is the same as an identifica-
tion code of a unit in another terminal, comprising:

a) a transmitter at the controller for:

(1) transmitting in said time slot a first sequence of
X number of Transition in Progress bytes, each
Transition in Progress byte having a bit sequence
which resets a predetermined circuit in all said
units;

(11) transmitting in said time slot a second sequence
of Y number of Function Code bytes, each Func-
tion Code byte having a bit sequence which
corresponds to an identification code associated
with a particular selected unit to which inband
communication is to be established;

(1) transmitting in said time slot a third sequence
of disable bytes for disabling each unit having
the same identification code as the particular
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selected unit which is located between the con-
troller and the selected unit:

(1v) transmitting in said time slot a fourth sequence
of Z number of Loop Back Enable bytes, each
Loop Back Enable byte having a bit sequence
which is suppressed in normal digital communi-
cation and wherein X, Y and Z are integral num-
bers equal to or greater than 32; and

b) a selected unit for receiving the first, second, third

and fourth sequences and upon receipt of said sec-

ond sequence entering 1nto an inband communica-
tion state and upon receipt of said fourth sequence

~ establishing inband communication with the con-
troller.

6. The apparatus of claim 8 in which the predeter-
mined circuit is a maintenance circuit.

7. A method for establishing inband digital communi-
cation between a controller and a selected unit of a time
division multiplexed digital communication system to
the exclusion of non-selected units using a communica-

10
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20

tions time slot common to both the selected and non-

selected units, comprising the steps of:

a) transmitting in said time slot a first sequence of X
number of T type bytes, each T type byte having a
bit sequence which resets a predetermined circuit
in all said units;

b) transmitting in said time slot a second sequence of

Y number of F type bytes, each F type byte having
a bit sequence which corresponds to an identifica-
tion code associated only with a particular selected
unit with which inband communication is to be
established, such that upon receipt of said second
sequence by said particular selected unit, the se-
lected unit enters into an inband communication
state; and

c) transmitting a third sequence of Z number of L

type bytes, each L type byte having a bit sequence
which 1s suppressed in normal digital communica-
tion, such that the selected unit in the inband com-
munication state, upon receipt of said third se-
quence, establishes inband communication with the
controller and wherein X, Y and Z are integers
equal to or greater than 32, the T type bytes are
Transition in Progress bytes and the L type bytes
are Loop Back Enable bytes and the F type bytes
are Function Code bytes coded with the identity of
a selected unit.

8. The method of claim 7 wherein the predetermined
circuit is a maintenance circuit.

9. A method for establishing inband digital communi-
cation between a controller and a selected unit of a time
division multiplexed digital communication system to
the exclusion of non-selected units using a communica-
tions time slot common to both the selected unit and the
non-selected units, compnsing the steps of:

a) transmitting in said time slot a first sequence of X

number of Transition in Progress bytes, each Tran-
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sition in Progress byte having a bit sequence which
resets a predetermined circuit in all said units;

b) transmitting in said time slot a second sequence of
Y number of Function Code bytes, each Function
Code byte having a bit sequence which corre-
sponds to an identification code associated only
with a particular selected unit with which inband
communication is to be established, such that said
particular selected unit may be identified by said
controller;

c) transmitting in said time slot a third sequence of Z
number of Loop Back Enable bytes, each Loop
Back Enable byte having a bit sequence which is
suppressed in normal digital communication, such
that a controller upon receipt of said third se-
quence, establishes inband communication with an
identified unit and wherein X, Y and Z are integers
at least equal to 32.

10. A method for establishing inband digital commu-
nication between a controller and a selected unit of a
time division multiplexed digital communication system
to the exclusion of non-selected units using a communi-
cations time slot common to both the selected and non-
selected units and wherein said units are connected in
cascade via digital terminals and wherein more than one
unit may have an identification code which is the same
as an identification code of a unit in another terminal,
comprising the steps of:

a) transmitting in said time slot a first sequence of X
number of Transition in Progress bytes, each Tran-
sition in Progress byte having a bit sequence which
resets a predetermined circuit in all said units;

b) transmitting 1n said time slot a second sequence of
Y number of Function Code bytes, each Function
Code byte having a bit sequence which corre-
sponds to an identification code associated only
with a particular selected unit with which inband
communication is to be established, such that said
particular selected unit enters an inband communi-
cation state;

c) transmitting in said time slot a third sequence of
disable bytes for disabling each unit having the
same identification code which is located between
the controller and the particular selected unit while
leaving the particular selected unit non-disabled;

d) transmitting in said time slot a third sequence of Z
number of Loop Back Enable bytes, each Loop
Back Enable byte having a bit sequence which is
suppressed in normal digital communication, such
that the non-disabled selected unit in the inband
communications state, upon receipt of said fourth
sequence, establishes inband communication in said
time slot with the controller and wherein X, Y and
Z are integers at least equal to 32 and the disable
bytes comprise a series of at Jeast 30 ONE bits and
at least 32 Loop Back Enable bytes.

11. The method of claim 10 wherein the predeter-

mined circuit is a maintenance circuit.
& % % ¥ ¥
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